When the shape or filling of a Fermi surface is changed such that it changes either the way that it connects in momentum (k) space or disappears altogether, its host metal is said to have undergone a Lifshitz transition [1] . This zero temperature transition has no associated local Landau order parameter, and is in fact one of the first identified examples in condensed matter physics of a topological transition. Lifshitz transitions usually involve traversing Van Hove singularities (VHS). These are points or, in the presence of interactions, regions of kspace associated in two-dimensional systems with divergences in the density of states [2] . Lifshitz transitions are therefore often associated with formation or strengthening of ordered states, with superconductivity [3] [4] [5] [6] and magnetism [7, 8] among the most prominently studied examples. They are also expected, even in the absence of order, to affect the electrical transport [4, 9, 10] .
Although of considerable interest theoretically, experimentally tuning materials to Lifshitz transitions is challenging. In zero applied magnetic field it usually requires non-stoichiometric doping to change the band filling. In practice, this introduces disorder, which always complicates the understanding of the observed behaviour. Magnetic field enables clean tuning by changing band energies for opposite spins through the Zeeman term, and has been used to good effect in the study of a number of systems [11] [12] [13] [14] [15] [16] . However, unless the intrinsic bandwidths are already very small, large fields are required to reach Lifshitz transitions, and magnetic fields also couple either constructively or destructively to many forms of order.
Although high hydrostatic pressure is an option [19] , it needs to be strong enough either to change the relative band filling in multi-band materials or to substantially change the shape of a Fermi surface. As we illustrate in Fig. 1 applying hydrostatic pressure is negligible, while similar levels of uniaxial pressure introduce a large distortion. Uniaxial pressure is therefore particularly well suited to tuning to the class of Lifshitz transition involving a topological change from a closed to an open Fermi surface by traversing the VHS associated with saddle points along one direction of k space. It was used a long time ago in experiments tensioning single crystal whiskers of the three-dimensional superconductors aluminium [20] and cadmium [21] but traversing the transition had only a weak effect; T c , for example, changed by only ∼20 mK. Recently, we have developed novel methods of applying high levels of uniaxial pressure to single crystals that are not restricted to whiskers and are well suited to studying the more interesting case of materials with quasi-2D electronic structure [22, 23] . In a multi-band metal, it is possible for one of the Fermi surface sheets of a pressured crystal to undergo a large shape change while others are affected much less strongly. As shown by the modelled Fermi surfaces in Fig. 2(a) quasi-2D material studied in this paper, Sr 2 RuO 4 [24] [25] [26] [27] [28] , which is predicted by first-principles calculations to undergo a Lifshitz transition when the lattice is compressed by ∼0.75 % along a 100 lattice direction [29] . In previous work on this material we have shown that the superconducting transition temperature T c rises from its unstrained value of 1.5 K and peaks strongly at ∼3.5 K at a compressive strain of ≈0.6 % [29] . While it is tempting to associate this with the occurrence of a Lifshitz transition, measurements reported to date were based only on the study of the diamagnetic susceptibility, and did not in themselves constitute proof that such a transition had occurred. For example, the peak could also correspond to a transition into a magnetically ordered state induced around the Lifshitz transition [30] . To further investigate both the existence of a Lifshitz transition and its consequences, we report here simultaneous magnetic susceptibility and electrical resistivity measurements on single crystals of Sr 2 RuO 4 under 100 compressive strains of up to 1%, and temperatures between 1.2 and 40 K. A schematic of our experimental apparatus and a photograph of a crystal mounted for resistivity measurements are shown in Fig. 2 (b). The resistivity ρ xx is measured in the same direction as the applied pressure. Simultaneous measurements of magnetic susceptibility were performed using a detachable drive and pickup coil on a probe that could be moved into place directly above the sample without disturbing the contacts for the resistivity measurements. We rely exclusively on the susceptibility measurements to determine T c , to avoid being deceived by percolating, higher-T c current paths. Resistivity and susceptibility were measured using standard a.c. meth- ods at drive frequencies between 50 -500 Hz and 0.1 -10 kHz respectively, in a 4 He cryostat in which cooling was achieved via coupling to a helium pot that could be pumped to reach its base temperature of 1.2 K. Uniaxial pressure was applied by appropriate high voltage actuation of the piezo stacks shown in Fig. 2(b) , using procedures described in Refs. [22, 23, 29, 32, 33] . After some slipping of the sample mounting epoxy during initial compression, all resistivity data repeated though multiple strain cycles, indicating that the sample remained within its elastic limit. Two samples were studied to ensure reproducibility; further details are given in [18] .
In Fig. 3 we show ρ xx (T ) at various applied compressions. Consistent with the high T c of 1.5 K at zero strain, the residual resistivity ρ res is less than 100 nΩ cm, corresponding to an impurity mean free path in excess of 1 µm [34] . The well-established ρ res + AT 2 dependence [35, 36] is seen below ∼20 K in the unstrained sample ( Fig. 3(a) and inset). As the strain ε xx increases to 0.2 % the quadratic temperature dependence is retained but A increases, qualitatively consistent with the increase in density of states expected on the approach to a Van Hove singularity. Further increase of the strain results in the resistivity reaching a maximum and deviating significantly from a quadratic temperature dependence, as shown both in the main plot of Fig. 3(b) and in the inset. As the strain is increased further, the drop in T c is accompanied by a fall of the resistivity, simultaneous with a recovery of the ρ res + AT 2 form and a drop of the A coefficient. By ε xx = −0.92 % T c has fallen to below 1.2 K, the resistivity remains almost perfectly quadratic to over 30 K, and A has dropped to ∼40 % of its value in the unstrained material (Fig. 3(c) and inset) .
As noted above, one mechanism by which the peak in T c might not correspond to the Van Hove singularity is if it is cut off by a different order promoted by proximity to the Van Hove singularity. This is the prediction of the functional renormalization group calculations on uniaxially pressurized Sr 2 RuO 4 of Ref. [30] , which predict formation of spin density wave order. However, the data shown in Fig. 3 give no evidence for any instability other than superconductivity across the range of pressures studied. There is no indication of any transition in any of the ρ xx (T ) curves, before or after the peak in T c . Also, ρ xx falls on the other side of the peak, whereas especially at low temperature the opening of a magnetic gap should generally cause resistivity to increase.
To correlate features of the resistivity with the evolution of the superconductivity more precisely, we plot, in Fig. 4 , two key quantities associated with the resistivity and show how they compare with the strain dependence of T c . In Fig. 4(a) we show a logarithmic derivative plot that gives an indication of the strain-dependent power δ associated with a postulated ρ res + BT δ temperature dependence. Constructing such a plot involves assumptions [18] but it gives a first indication of the behaviour of the resistivity and shows that δ drops from 2 at low and high strains to ∼1.5 at ε xx = −0.5 %. In Fig. 4(b) we plot the results of a measurement of the resistivity measured under continuous strain tuning at 4.5 K (chosen to be 1 K higher than the maximum T c , to be free of any influence of superconductivity). ρ xx is also maximum at ε xx ≈ −0.5%. In Fig. 4(c) Values were calculated by interpolating between separate temperature ramps at a series of constant strains (Fig. 3) , except for 4.5 K where the strain was swept continuously up to εxx ≈ 0.7 %. (c) Comparison of the strain dependence of Tc measured by magnetic susceptibility and the resistivity enhancement under continuous strain tuning at 4.5 K. Two samples are shown with ρres of 80 and 20 nΩ cm in which ρxx rises to 190 and 95 nΩ cm respectively at 4.5 K. In panel (c) the strain scales have been normalised to the peak in Tc. εxx at the peak in Tc is −0.56 % and −0.59 % for samples 1 and 2, respectively, and this difference is within our error for determining sample strain. against ε xx for this sample and for a second sample with a slightly lower residual resistivity. The magnitude of the resistivity increase is approximately the same for both samples, and for both the resistivity peaks at a slightly lower compression than T c .
Taken together, we believe that the data shown in Figs. 3 and 4 give strong evidence that we have successfully traversed the VHS in Sr 2 RuO 4 by applying uniaxial pressure. This is not the first time that this VHS has been reached by some form of tuning; in fact it has previously been traversed in the (Sr,Ba,La) 2 RuO 4 system by explicit chemical doping of La 3+ onto the Sr site [37, 38] and by using epitaxial thin film techniques to grow biaxially strained stoichiometric Sr 2 RuO 4 and Ba 2 RuO 4 thin films [17] . In both cases, a drop of resistive exponent δ to approximately 1.4 was reported [17, 37] . The novelty of our results is that they are observed in crystals with such low levels of disorder. In the previous experiments on the ruthenates, the inelastic component of the resistivity has been approximately the same magnitude by 30 K as the residual resistivity [17, 37] , while here it is a factor of forty larger. Combined with the facts that the data shown in Figs. 3 and 4 cover a full decade of temperature above the maximum T c , and that the Fermi surface of Sr 2 RuO 4 is well known, we believe that this means that our results can set an experimental benchmark for testing theoretical understanding of the evolution of transport properties around an externally tuned Lifshitz transition. A full treatment of the problem will require further theoretical work that is beyond the scope of this paper, but we close with a discussion of what is known so far and the extent to which it applies to our results.
The effect on resistivity of traversing a Van Hove singularity has been studied in idealized single band models, taking into account the energy dependence of the density of states, electron-electron Umklapp processes and impurity scattering. Depending on the form postulated for the density of states, variational calculations using Boltzmann transport theory in the relaxation time approximation have discussed resistivities of the form ρ(T ) = ρ res + bT 2 ln(c/T ) or ρ(T ) = ρ res + bT 3/2 [9] . Within experimental uncertainties, these two possibilities cannot be distinguished, see Fig. 5 . Numerical calculations going beyond the relaxation time approximation [39, 40] predict δ < 2. The amount by which δ is reduced depends on the degree of nesting of the Fermi surface; δ = 1 is predicted for perfect nesting.
It is interesting to note that tuning to a VHS is evidently not sufficient to obtain the T -linear resistivity that is often associated with quantum criticality. Although the resistivity is enhanced in the vicinity of the VHS, ρ(T ) does not increase at nearly the rate seen for systems with T -linear resistivity [41] .
Although the calculated temperature dependences fit the data well, we caution that it is questionable whether The inset shows the same resistivity curve after subtracting 60 % of the zero strain conductivity, estimated to be the contribution of the γ band if the scattering rate of the α and β sheet carriers is unaffected by the traversal of the Lifshitz point on the γ sheet.
they are even applicable to Sr 2 RuO 4 . As illustrated in Fig. 2(a) , it is not a single-band, but a three-band metal, and both the tight-binding calculation presented here and full first-principles calculations [29] show that the Lifshitz transition occurs on the γ Fermi surface sheet. In contrast, the α and β sheets show almost no distortion at these strains. At zero strain the average Fermi velocities of each sheet are known, so for a sheet-independent scattering rate it is straightforward to estimate that the α and β sheets contribute over 60 % of the conductivity. Under the postulate that the scattering rate of the α and β sheet carriers is unaffected by the traversal of the Lifshitz point on the γ sheet, the contribution of the γ sheet to the resistivity at −0.49 % strain is shown in the inset to Fig. 5 , and seen to be qualitatively very different from any single-band prediction. The likely implication of this analysis is that the scattering rate changes induced by the change in shape of the γ sheet affect both the α and β sheet carriers just as strongly as those on the γ sheet. However, it seems far from obvious that this should automatically be the case, and it would be very interesting to see full multi-band calculations for Sr 2 RuO 4 to assess the extent to which it can be understood using conventional theories of metallic transport.
In conclusion, we believe that the results that we have presented in this paper represent an experimental benchmark for the effects on resistivity of undergoing a Lifshitz transition against a background of very weak disorder. Our results stimulate further theoretical work on this topic, and highlight the suitability of uniaxial stress for probing this class of physics.
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TABLE S1. Relevant sample and epoxy dimensions for calculating the strain transmission to the sample through the epoxy. w and t are the width and thickness of the sample. Lgap is the gap between the sample plates, the exposed length of sample. depoxy is the depth of epoxy above and below the sample joining to the sample plates. L eff is the calculated effective length of the sample as described in the text. ε xx, peak Tc is the strain at which the peak in Tc was observed for each sample. sample number growth The samples used in this study come from two different batches. Each was prepared with six electrical contacts using the standard recipe, DuPont 6838 silver paste baked at 450
• C for 5 minutes, before they were mounted into the pressure device. After mounting, two concentric coils were lowered above the sample to measure the diamagnetic signal of superconductivity by measuring the change in mutual inductance between the coils.
II. ADDITIONAL DATA
The resistivity data for sample 1 are shown in the main text. The data for sample 2 are shown in Fig. S1 . Note that the difference in strain scale is most probably not an intrinsic sample-to-sample variation, and rather comes from the experimental uncertainty in measuring the applied strain.
Additionally in Fig. S1 , the strain dependence of the fitted residual resistivity is shown explicitly for both samples. To generate the temperature exponent colour maps in Figs. 4(a) and S1(d) the residual resistivity must be subtracted from the data before differentiating. To extrapolate below T c a fit of the form ρ = ρ res + BT δ was used and the range of the fit was chosen self consistently so that an approximately constant exponent is obtained over the temperature range of the fit. Although the exact position of the crossover from T 2 to a lower power is slightly sensitive to the details of this fitting the overall picture is unchanged. Similarly, although the fitted residual resistivity has a weak strain dependence if left as a free parameter, it is so small for both these samples that fixing it to be strain-independent makes no qualitative difference to the logarithmic derivative plots or the value of δ deduced for ε xx ∼ −0.5 %. Fig. 4 in the main text compares two curves of the strain dependence of T c with the resistivity at 4.5 K. T c was obtained from temperature dependent a.c. magnetic susceptibility χ (T ) measurements and taken to be the midpoint of the transition. Fig. S2 shows the susceptibility measurements for both samples at a variety of strains. 
